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Lethal  embolic  events  in  children  are  an  uncommon  occurrence  that  may  be  first  detected  at  autopsy. 
Emboli  consist  of  thrombi,  tumours,  infective  organisms,  fat,  air  and  foreign  body  material.  The  most 
significant  circulations  that  may  be  obstructed  are  the  pulmonary,  coronary  and  cerebral.  Rare  conditions 
such  as  arteriovenous  malformations  may  act  as  sources  for  emboli  in  children,  and  the  brain  is  at 
particular  risk  from  paradoxical  embolism.  The  latter  is  facilitated  by  right  to  left  communications  in  the 
heart  such  as  atrial  and  ventricular  septal  defects  and  also  from  pulmonary  vascular  abnormalities  such 
as  hereditary  haemorrhagic  telangiectasia  (Osler-Weber-Rendu  syndrome)  and  arteriovenous  fistulas. 
Iatrogenic  causes  of  thromboembolism  must  be  considered  in  children  with  indwelling  central  venous 
catheters  and  ventriculoatrial  shunts.  Although  rare,  embolic  events  do  occur  in  children  with  lethal 
consequences.  As  the  incidence  of  embolization  in  clinical  settings  has  been  increasing,  due  to  improved 
survival  of  children  with  predisposing  chronic  conditions,  it  is  likely  that  more  of  these  cases  will  be  the 
subject  of  forensic  evaluation. 
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1.  Introduction 

Embolism  refers  to  the  transport  of  material  in  the  blood  stream 
from  its  origin  or  entry  into  the  vasculature  to  a  location  distant  to 
this.  While  it  is  a  well  recognized  occurrence  in  adults,  cases  are 
only  infrequently  encountered  in  forensic  practice  in  younger  ages 
and  may  involve  unusual  conditions  and  mechanisms.1  Ante¬ 
mortem  diagnoses  may  not  have  been  established.  Because  of  these 
features  the  following  review  was  undertaken  to  delineate  the 
types  of  embolism  that  may  occur  in  children  that  may  result  in 
sudden  and  or  unexpected  death,  and  to  provide  an  overview  of 
predisposing  conditions.  Embolic  events  can  be  subclassified 
a  number  of  ways  based  on  their  composition,  aetiology,  origin  and 
site  of  impaction  (Table  1),  however  the  most  practical  method 
groups  them  according  to  i)  the  particular  embolic  material  that  is 
involved  and  ii)  the  particular  vasculature  that  is  obstructed. 

2.  Thromboembolism 

Emboli  may  be  composed  of  a  variety  of  different  endogenous 
and  exogenous  materials.  The  most  common  embolic  material 
consists  of  admixed  fibrin,  platelets  and  red  blood  cells,  (thrombi), 
which  arise  most  often  within  the  venous  circulation  when  one  or 
more  of  the  three  requirements  for  Virchow’s  triad  occur:  stasis  of 
blood  flow,  injury  to  the  endothelial  lining,  and  hypercoagulability 
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of  blood  components.2  As  in  adults,  risk  factors  include  immobility, 
injury,  sepsis,  chronic  illness  (including  malignancy  with  chemo¬ 
therapy),  and  recent  surgery.3  Other  factors  that  play  a  role  in 
childhood  are  congenital  heart  disease  and  central  venous  lines. 
Central  venous  catheters  and  ventriculolatrial  shunts  predispose  to 
thrombosis  for  a  number  of  reasons  including  interruption  of 
laminar  blood  flow  and  damage  to  vessel  endothelium.4  These 
catheters  have  been  the  cause  of  venous  thromboembolism  in  more 
than  90%  of  neonates  and  in  60%  of  older  children.5  Ventriculoatrial 
shunts  may  also  cause  lethal  pulmonary  hypertension.6  Throm- 
boemboli  may  arise  in  arteriovenous  malformations  in  children3 
and  in  the  dilated  veins  of  the  Klippel-Trenauney  syndrome.7,8 
The  risk  of  thromboembolism  doubles  in  individuals  with  inflam¬ 
matory  bowel  disease  such  as  Crohn  disease  and  ulcerative  colitis, 
and  is  particularly  high  at  young  ages.9  A  similar  increase  in  venous 
thromboembolism  occurs  in  children  with  cystic  fibrosis  due  to 
a  complex  interaction  of  a  number  of  factors  including  the  use  of 
central  venous  catheters  and  an  acquired  thrombophilia  secondary 
to  inflammation  and  deficiencies  in  anticoagulant  proteins  from 
liver  disease.10  Other  risk  factors  for  thomboembolism  in  childhood 
include  sickle  cell  disease,  local  infection  and  oestrogen  medica¬ 
tion.11  As  there  is  a  definite  increased  risk  of  thromboembolism 
with  obesity  in  adults12  a  high  body  mass  index  undoubtedly  also 
has  an  effect  on  childhood  thrombosis.11 

The  incidence  of  venous  pulmonary  thromboembolism  has  been 
increasing  in  children  in  recent  years  due  to  longer  survival  with 
illnesses  that  predispose  to  thromboembolic  disease,  and  an 
increased  use  of  central  venous  catheters.11,13,14  In  fact,  a  70% 
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Table  1 

Types  of  embolus  and  possible  origin  in  children. 
Thrombi 

Central  venous  catheters/shunts 
Cardiac  valves 
Intracardiac  thrombi 
Deep  veins  of  the  legs 
Arteriovenous  malformations 
Tumours 

Wilms  tumour/nephroblastoma 
Miscellaneous  including  pulmonary  metastases 
Infectious  organisms 
Bacteria/fungi/parasites 
Fat 

Soft  tissues/bone  marrow 
Air 

Vascular  access  catheters 
Surgery 
Trauma 
Foreign  body 

Central  catheters/cardiac  surgery 
Projectiles 


increase  in  the  annual  rate  of  pediatric  hospital  admissions  due  to 
venous  thromboembolism  has  been  reported.10 

Thrombophilic  disorders  are  congenital  or  acquired  conditions 
that  lower  the  threshold  for  thrombosis  resulting  in  an  increased 
risk  of  thromboembolism.5  Abnormalities  may  involve  vessel 
endothelium  and  platelets,  or  the  coagulation  and  fibrinolytic 
systems  and  may  initiate  thrombosis  or  may  exacerbate  the  effect 
of  other  risk  factors.15,16  Congenital  prothrombotic  states  include 
deficiencies  in  anti-thrombin  III,  plasminogen,  and  proteins  C  and  S, 
mutations  in  the  factor  V  Leiden  (causing  activated  protein  C 
resistance)  and  prothrombin  genes  (G202I0A)}7  The  incidence  in 
the  population  may  be  quite  high  with  heterozygous  mutations 
reaching  1—7%  in  certain  Caucasian  groups.  In  children  with  venous 
thromboembolism  the  incidence  of  thrombophilias  has  ranged 
from  10  to  78%.5  Although  systemic  lupus  erythematosus  (SLE) 
most  commonly  occurs  in  those  aged  between  15  and  40  years  it 
may  affect  younger  children  and  even  neonates.18  The  associated 
antiphospholipid  syndrome  has  been  responsible  for  pulmonary 
thromboembolism  as  the  first  manifestation  of  SLE  in  a  10-year-old 
boy19  and  postmortem  screening  for  these  disorders  in  children 
who  are  found  to  have  thromboemboli  at  autopsy  has  been 
proposed.16  Pulmonary  thromboembolism  may  also  be  the  first 
manifestation  of  SLE  due  instead  to  lupus  nephritis  with  nephrotic 
syndrome,  as  occurred  in  an  11 -year-old  girl  with  renal  vein 
thrombosis,20  Patients  with  severe  proteinuria  from  nephrotic 
syndrome  have  a  3.4  times  risk  of  thromboembolism.21  Increased 
levels  of  plasma  homocysteine  and  lipoprotein  may  also  occur  in 
inherited  prothrombotic  conditions,  and  increased  plasma  levels  of 
factors  VII,  IX  and  XI  coagulant  have  been  associated  with  throm¬ 
boses  in  children.17 

2.1.  Pulmonary 

Acute  obstruction  of  the  pulmonary  outflow  tract  is  a  well 
recognized  cause  of  sudden  collapse  and  death  in  adult  populations 
with  a  variety  of  predisposing  factors  (listed  above).  Although  less 
common  in  children,  pulmonary  thromboembolism  does  occur  and 
may  be  responsible  for  sudden  death  due  to  acute  right  ventricular 
decompensation  22 

Lethal  pulmonary  thromboembolism  in  children  has 
a  frequency  of  between  0.73%  and  4.2%  of  cases  overall  but  was 
found  as  a  cause  of  death  in  only  eight  cases  out  of  a  total  of  17,500 
autopsies  (0.05%)  in  one  Canadian  study.3  However,  this  figure 
varies  considerably  among  studies  and  populations,  with  embolism 


found  to  be  a  causal  factor  in  the  death  of  as  many  as  31%  of  116 
paediatric  cases  over  a  25-year  period  in  another  study  23 

The  estimated  incidence  of  venous  thromboembolism  occurring 
in  hospitalized  children  is  5.3  events  per  10,000  admissions,  which 
compares  to  0.07—0.14  events  per  10,000  children  in  the  commu¬ 
nity.12  The  highest  rates  are  found  in  infants  and  children  under  23 
months  of  age  and  in  teenage  girls  24  Although  recurrent  pulmo¬ 
nary  thromboemboli  are  a  problem  in  adult  populations,  this  is  less 
of  an  issue  in  the  young  with  an  8.1%  recurrence  rate  compared  to 
17.5%  in  adults.  This  may  be  a  reflection  of  the  increased  number  of 
chronic  diseases  in  older  patient  groups.25 

2.2.  Coronary 

While  coronary  artery  embolism  is  found  more  often  in  adult 
autopsies,  it  may  complicate  any  condition  where  there  are  friable 
valvular  vegetations  or  intracavity  thrombi  that  may  disintegrate 
and  embolize  into  the  coronary  artery  circulation.  Myocarditis  is 
well  recognized  in  childhood26  and  may  result  in  left  ventricular 
thrombi  that  give  rise  to  coronary  artery  embolization  and 
myocardial  infarction 27  Although  infective  endocarditis  is  more 
likely  to  cause  sudden  and  unexpected  death  in  adults28  it  has  also 
given  rise  to  coronary  artery  emboli  in  children.29 

Marantic  endocarditis  refers  to  the  development  of  noninfective 
vegetations  on  heart  valves,  in  adults  most  often  associated  with 
metastatic  adenocarcinoma.  The  vegetations  are  sterile  and  are  not 
associated  with  either  bacteraemia  or  destructive  changes  of  the 
underlying  valve  30  There  is  a  relatively  high  incidence  of  systemic 
embolic  events  and  an  association  with  lethal  coronary  artery  or 
cerebral  embolic  events.  Although  predominantly  a  condition  of 
older  adults  it  may  occur  in  children,  as  was  reported  in  an  eight- 
year-old  girl  with  a  high-grade  non-Hodgkins  lymphoma  who 
suffered  systemic  embolization.31  Both  acute  rheumatic  fever  and 
congenital  heart  disease  may  also  act  as  a  source  of  thromboemboli 
for  coronary  artery  embolization  in  childhood.32 

2.3.  Cerebral 

Emboli  into  the  cerebral  circulation  arise  either  from  a  left-sided 
intracardiac  source  or  from  the  right  side  of  the  heart,  and  venous 
circulation,  by  paradoxical  embolism  through  a  right-to-left  shunt. 
As  with  coronary  artery  embolization  left-sided  lesions  include 
valvular  vegetations  and  thrombi  from  bacterial  and  nonbacterial 
endocarditis,  myocarditis,  rheumatic  fever,  myxomas,  hydatid  cysts 
and  cardiomyopathy.33-36  Other  conditions  that  are  associated 
with  arrhythmias  or  infarction  such  as  ventricular  noncompaction 
may  lead  to  embolization,37  and  it  is  known  that  children  who  have 
congenital  and  acquired  cardiac  disease  have  a  fivefold  risk  of 
recurrent  stroke  independent  of  other  risk  factors  38  On  occasion 
conditions  such  as  atrial  myxoma  with  embolism  may  be  associated 
with  more  widespread  abnormalities  such  as  the  Carney  complex 
with  characteristic  skin  pigmentation  and  endocrine  abnormali¬ 
ties  39  In  cases  of  pure  thrombosis,  factors  such  as  sepsis,  dehy¬ 
dration,  cyanotic  congenital  heart  disease  and  prothrombotic 
abnormalities  have  to  be  considered. 

3.  Tumour  embolism 

The  most  commonly  occurring  tumour  embolus  in  children 
arises  from  Wilms  tumour  or  nephroblastoma  which  results  from 
its  angioinvasive  nature  with  direct  growth  into  the  renal  vein  and 
the  inferior  vena  cava.40  On  occasion  a  tongue  of  tumour  may 
extend  as  far  as  the  right  atrium.  In  such  cases  large  segments  of  the 
tumour  may  fragment  resulting  in  a  saddle  embolism  with 
impaction  at  the  bifurcation  of  the  pulmonary  artery. 
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Other  less  common  angioinvasive  tumours  may  also  embolize. 
An  example  is  pleuropulmonary  blastoma,  a  high-grade  sarcoma  in 
the  young  which  infiltrates  both  venous  and  arterial  systems 
resulting  in  embolic  occlusion  of  cerebral  vessels,  pulmonary  veins, 
the  aorta  and  the  femoral  artery.41  Hepatoblastoma  may  embolize 
during  surgery  and  cerebral  metastases  may  arise  when  pulmonary 
metastases  fragment.42,43  Massive  pulmonary  haemorrhage  has 
been  reported  from  extensive  microemboli  from  a  gastric 
carcinoma.44 

4.  Septic/mycotic  embolism 

A  wide  range  of  infectious  agents  may  result  in  embolic  events 
in  children. 

4.3.  Bacteria 

As  noted  above,  bacterial  endocarditis  can  result  in  embolization 
of  friable  vegetations  containing  bacteria  from  cardiac  valves  to  all 
parts  of  the  peripheral  vasculature.  Proliferation  of  bacteria  with 
associated  inflammation  can  result  in  vessel  occlusion  or  rupture 
from  aneurysm  formation. 

4.2.  Fungi 

Proliferation  of  opportunistic  fungi  in  immunocompromised 
children  who  have  received  chemotherapy  for  malignancy  can 
result  in  embolization  of  fungal  material.  Those  at  highest  risk  are 
febrile,  neutropenic  children  with  treated  acute  leukaemia  who 
have  recently  received  antibiotics.  Systemic  embolization  may 
result  in  occlusion  of  smaller  arteries  with  back  growth  of  fungi.  A 
case  of  a  six-year-old  girl  with  acute  lymphoblastic  leukaemia 
demonstrates  a  typical  sequence  of  events  with  embolization  of 
aspergillus  sp.  from  the  lungs  into  a  mediastinal  branch  of  the 
thoracic  aorta  with  subsequent  thrombotic  occlusion  of  the  aorta.45 
Postmortem  arterial  blood  cultures  in  these  cases  may  be  more 
likely  to  have  a  higher  yield  of  viable  fungi  than  venous  blood  that 
has  been  filtered  through  the  capillary  bed.46 

4.3.  Parasites 

Thromboembolism  due  to  parasites  is  found  more  often  in 
tropical  areas  and  occurs  in  conditions  such  as  malaria  and  schis¬ 
tosomiasis.  Rarely  rupture  of  cardiac  hydatid  cysts  in  childhood 
may  result  in  cerebral  embolization  with  infarction,  or  in  pulmo¬ 
nary  embolism.34,47  This  occurs  in  areas  of  the  world  where  the 
hydatid  life  cycle  is  maintained  because  of  sheep  farming.48 

5.  Fat  embolism 

Fat  embolism  is  characterized  by  aggregates  of  fat  within  the 
pulmonary,  cerebral  and  peripheral  circulations  following  major 
trauma  with  long  bone  fracture.  Fat  embolism  syndrome  refers  to 
the  associated  clinical  manifestations  that  occur  within  72  h  of 
injury  due  to  pulmonary  and  cerebral  vessel  occlusion  with  respi¬ 
ratory  distress,  thrombocytopaenia  and  deteriorating  mental 
function.49  Multiorgan  failure  and  death  occur  in  the  most  extreme 
cases.  Fat  embolism  is  found  in  as  many  as  10%  of  patients  with 
pelvic  and  multiple  long  bone  fractures,49  but  can  also  arise  from 
soft  tissue  injury  with  crushing  of  adipose  tissue  in  the  absence  of 
fractures.  Although  mainly  occurring  in  adults  it  may  be  seen  in 
children.50  Fat  embolism  has  also  been  reported  in  infants 
following  prolonged  intravenous  lipid  therapy  and  also  in  children 
with  haemoglobinopathies  and  viral  infections.17 


6.  Air  embolism 

Air  may  enter  either  the  arterial  or  venous  systems  following 
trauma  or  medical  procedures  such  as  surgery,  vascular  catheteri¬ 
zation  and  ventilation.51,52  If  sufficient  air  has  entered  the  vascu¬ 
lature  there  may  be  sudden  loss  of  consciousness  and  death  due  to 
cerebral  and  coronary  artery  obstruction.53  The  amount  of  air 
required  is  quite  small  with  death  resulting  from  an  injection  into 
the  cerebral  circulation  of  as  little  as  2  mis,  and  into  the  pulmonary 
vein  of  as  little  as  0.5—1  mis.53  Air  may  enter  the  blood  stream 
through  arterial  or  venous  catheters,  or  through  bronchovenous 
fistulae  if  there  has  been  lung  trauma.54 

A  feature  of  blunt  chest  trauma  at  all  ages,  including  childhood, 
is  that  there  may  be  some  delay  between  the  tissue  injury  and  the 
development  of  alveolar-pulmonary  venous  fistulae.55,56  Air  may 
also  paradoxically  pass  into  the  arterial  circulation  if  there  is 
a  patent  foramen  ovale.  Neonates  are  at  particular  risk  of  air 
embolism  from  ventilation,  as  respiratory  distress  syndrome 
requires  higher  ventilator  pressures  that  predispose  to  pulmonary 
parenchymal  and  vascular  damage  with  leakage  of  air  into  the 
circulation.54 

7.  Foreign  body  embolism 

While  foreign  body  embolism  in  the  forensic  literature  often 
refers  to  embolised  fragments  of  bullets,  a  more  usual  event  in 
children  is  embolization  of  part  of  an  implanted  medical  device.  An 
example  is  that  of  venous  access  devices  that  are  implanted  in 
oncology  patients  to  facilitate  repetitive  venepuncture.  A  study  of 
83  catheters  implanted  into  children  and  adolescents  revealed 
embolization  rates  of  8  and  23%  depending  on  the  site  of  insertion 
(jugular  and  subclavian  veins,  respectively).57  Although  extraction 
of  the  embolized  fragments  was  successfully  performed  in  the 
majority  of  cases,  embolization  of  material  following  transcatheter 
closure  of  atrial  septal  defects  and  patent  ductus  arteriousus  may 
lead  to  life  threatening  complications  requiring  immediate  surgical 
intervention.58  Embolization  of  a  wooden  fragment  from  an 
exploded  toy  gun  that  had  passed  from  the  superior  vena  cava  into 
the  right  ventricle  was  reported  as  early  as  1834  in  a  young  boy,  and 
embolization  of  a  shotgun  pellet  in  a  12-year-old  boy  shot  in  the 
right  side  to  the  middle  cerebral  artery  demonstrates  a  more  recent 
example.59 

8.  Miscellaneous 

Rarely  fragments  of  cerebral  tissue  and  skeletal  muscle  may 
embolize  to  the  lung  following  significant  trauma  with  massive 
organ  and  tissue  disruption.  These  are  essentially  secondary 
phenomena  that  may  be  observed  histologically  following  motor 
vehicle  crashes  or  falls  from  heights.  Bone  marrow  emboli  are  not 
uncommonly  seen  in  microscopic  lung  sections  when  there  has 
been  external  cardiac  massage  with  rib  fractures. 

Paradoxical  embolism  occurs  when  a  communication  exists 
between  the  right  and  left  sides  of  the  heart  in  the  form  of  a  patent 
foramen  ovale,  an  atrial  septal  defect  or  a  ventricular  septal  defect. 
While  not  necessarily  a  problem  in  themselves,  such  defects  may 
permit  passage  of  embolic  material  into  the  systemic  circulation 
with  cerebral  embolization.  Such  as  case  occurred  with  an  eight- 
year-old  boy  who  suffered  cerebral  infarction  following  partial 
surgical  removal  of  a  Wilms  tumour  due  to  paradoxical  embolization 
through  a  ventricular  septal  defect.60  Vascular  disorders  involving 
the  lungs  such  as  hereditary  haemorrhagic  telangiectasia  (Osler- 
Weber-Rendu  syndrome)  and  arteriovenous  fistulas  may  also 
provide  conduits  leading  to  paradoxical  cerebral  embolism.61,62  It  is 
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now  considered  that  paradoxical  embolism  is  an  important  cause  of 
arterial  ischemic  stroke  in  children.63 

9.  Conclusion 

This  review  has  demonstrated  that,  although  uncommon, 
embolization  of  a  variety  of  materials  may  occur  in  children  at  all 
ages  with  potentially  lethal  consequences.64  Embolization  may  be 
caused  or  facilitated  by  rare  congenital  conditions,  the  features  of 
which  should  be  carefully  checked  for  at  autopsy  and  family 
screening  for  hereditary  thombophilias  should  be  considered.  It  is 
also  worthwhile  examining  the  medical  history  in  young  individ¬ 
uals  who  are  found  at  autopsy  to  have  died  from  pulmonary 
thromboembolism  as  on  occasion  episodic  shortness  of  breath  due 
to  previous  thromoboembolic  events  may  have  been  incorrectly 
attributed  to  other  conditions  such  as  asthma.17 
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